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Gene Regulatory Mechanisms

Transcriptional Mechanisms
— Type of promoters & RNA polymerase
— Control of Transcription
— Transcription Factors and TFBS

RNA processing
— Capping
— Splicing and Alternative Splicing
— Poly-Adenylation
— RNA export to cytoplasm
— RNA degradation rates

* Micro RNAs (miRNAs) inhibit translation and degrade mRNA

* Silencer RNAs (siRNAs or RNAi) degrading mRNA

Epigenetic Mechanisms

— DNA methylation

— Histone modifications
® Acetylation

* Methylation
* Phosphorylation, etc.

— Chromatin remodeling
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Multiple Enhancer Sequences
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Gene Expression Regulatory Network

Ervironmental stimulus

|

Signal transduction pathways
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Transcription Control at the Beta-Interferon Enhancer
http:/ /www.biocarta.com / pathfiles/h_pcafpathway.asp
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PROTEIN DATA BANK

Enhanceosome: Exploring the Structure

http:/ /www.rcsb.org /pdb/education_discussion/molecule_of_the_month/download /Enhanceosome.pdf
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Enhanceosome: Integrating the Signal

http:/ / www.rcsb.org/pdb/ static.do?p=education_discussion/molecule_of_the_month/pdb122_2.html

)

Histone Acetyl Transferase

L Integrating the Signal

Once the transcription factors bind to the different sites in the enhancer DNA sequence, the signal must somehow
be sensed and used to activate the gene. In many cases, this is performed using CREB-binding protein or the similar
protein p300. This protein is composed of many connected domains, (POB entries 118¢, 1kdx, 1jsp, 3biy, 2kab
and 1kbh), which bind to different proteins in the assembled enhanceosome. Then, a large domain in the center
acts as a histone acetyltransferase, modifying histones in nucleosomes and causing them to disassemble and reveal
the gene. In the intereferon-b gene, a nucleosome normally covers the start site of transcription, blocking
transcription. Assembly of the enhanceosome leads to removal of this nucleosome, allowing the gene to be
expressed.,

Previous: Enhanceosome Home: Enhanceosome Next: Exploring the Structure
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Oct3/4-Sox2 bound to FGF-4 Enhancer

http:/ /www.pdb.org/pdb/explore/explore.do?structureld=1GTO0
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Repressor Bound to Silencer Sites
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Hematopoiesis

http:/ / cgap.nci.nih.gov/Pathways/BioCarta /h_stemPathway
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Cytokine Network

http:/ / cgap.nci.nih.gov/Pathways/BioCarta /h_cytokinePathway
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5= IL7 Regulatory Pathway

Bl U'F ARTA http:/ /www .biocarta.com/pathfiles /h_il7Pathway.asp/
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Growth Hormone Receptor Pathway
http:/ /www.biocarta.com/pathfiles/h_ghPathway.asp/
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DNA Microarrays & DNA Chips
Accelerate Gene ExpressionAnalysis

® Parallel Analyses
— Analyze entire genomes instead of single genes
— Analyze expression of entire genome
— Analyze genetic polymorphisms (SNPs)

®* Miniaturization

® Automation

© Doug Brutlag 2015



Diagnosis Using DNA Arrays

http:/ / www.affymetrix.com/
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DNA Micro Arrays
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®  Any collection of 25mers (1,200,000) can be synthesized in 100 steps

u The location and identity of each sequence on the glass surface is known.
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Light Directed Oligonucleotide Synthesis

http:/ / www.youtube.com / watch?v=ui4dBOtw]EXs&feature=related
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Automated DNA Chip Synthesis
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Photolithography Masks
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Hybridization & Detection
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Cystic Fibrosis Array
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Microarrayer in Pat Brown’s Lab
http:/ /cmgm.stanford.edu /pbrown/
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High Precision DNA Printing
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Mechanical Spotting Microarrays

http:/ /www.arrayit.com /

Bubble Pin Technology



http://www.arrayit.com/

DNA Chips are used to
Measure Gene Expression

MicroArray analysis of
whole genome gene expression

\/

Clustering of genes based on
their expression pattern

v

Searching for conserved sequence

motifs regulating the expression "= T
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Megacluster of Yeast Gene Expression
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Human Gene Expression Signatures
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Finding Transcription Factor Binding Sites

Upstream Regions

GATGGCTGCACCACGTGTATGC. . .
CACATCGCATCACGTGACCAGT. ..
GCCTCGCACGTGGTGGTACAGT. ..
TCTCGTTAGGACCATCACGTGA. ..
CGCTAGCCCACGTGGATCTTGA. . .

Co-expressed
Genes

© Doug Brutlag 2015



Finding Transcription Factor Binding Sites

Upstream Regions Co-expressed
Genes

GATGGCTGCACCACGTGTATGC. . .ACGATGTCTCGC
CACATCGCATCACGTGACCAGT. . .GACATGGACGGC
GCCTCGCACGTGGTGGTACAGT. . .AACATGACTAAA
TCTCGTTAGGACCATCACGTGA. . .ACAATGAGAGCG
CGCTAGCCCACGTGGATCTTGT. . . AGAATGGCCTAT

© Doug Brutlag 2015



Finding Transcription Factor Binding Sites

Upstream Regions Co-expressed
Genes

ATGGCTGCACSACGTT&ATGC...ACGATGTCTCGC
CACATCGCATLCACGTGACCAGT. . . GACATGGACGGC
GCCTCGLACGTGGTGGTACAGT . . .AACATGACTAAA
TTAGGACCAT[CACGTGA. . .ACAATGAGAGCG
CGCTAGCCLACGTTIGATCTTGT . . . AGAATGGCCTAT

. —> Pho4 binding
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Discovering Transcription Factor Binding
Sites is Difficult

®* Binding sites are short (5-15 base pairs)
* Not highly conserved (as little as 50%)

R ® Located in long intergenic regions (>10kb)

* Not always present (false positive genes)

© Doug Brutlag 2015



Three Algorithms

® BioProspector
— Presented in 2000
— Extends Gibb’s sampling (stochastic method)
— For any cluster of sequences
®* MDscan
— Deterministic approach
— Enumerative
— Very fast
— For sequences with some ranking information
* MotifCut and MotifScan
— Graph-based
— Does not use PSSMs
— Novel and sensitive

© Doug Brutlag 2015
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cDNA Diagnostics Using DNA Microarrays
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72 Breast Cancers Classified by
451 Gene Expression Assays

72 Patients

>

ﬂlllﬂl_lrrﬁlﬁh I'ml'm.

451 Genes

Sorlie et al., PNAS 98, 10869-10874.


http://www.ncbi.nlm.nih.gov/pubmed/11553815

Breast Cancers Classified by

451 Gene Expression Assays
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http://www.ncbi.nlm.nih.gov/pubmed/11553815

ERB-B2 in Signal Transduction & Oncology

http: / / www.biocarta.com / pathfiles /h_her2Pathway.asp
'S *» Role of ERBB2 in Signal Transduction and Oncology

| Submitted by: »= Guru: »=

COMMENT OH THI: PaTHwaw | DEscrIPTION | CowTRIBUTORs | SAvE THIS Link | SuBMIT | LEGEHD
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Herceptin binds to ERB-B2 (HER-2)

Blocking Cell Growth
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Regulation of transcriptional activity by PML
http:/ /www .biocarta.com /pathfiles /h_pmlPathway.asp

Viral Proteins
H5V-ICPO

'SUMO Pathway CAIVAED

|
i

P ’\g/x

Chr17 Chr 15

[~ "RAR: Ir—"Pl'-“—

-
]
RAR PML =
/x/
-

 PML-BAR: FAR: -PML
. o CBP

PML-RAR RARu -PML »
S (Gane Expression Tumor Supprassion =

© Doug Brutlag 2015


http://www.biocarta.com/pathfiles/h_pmlPathway.asp
http://www.biocarta.com/

Acute Promyelocytic Leukemia

+ Retinoic Acid (24 hr)
(Doug Ross & Pat Brown)
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Melanoma Pancreatic Cervical Colorectal
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Targeting Chronic Myeloid Leukemia (CML)
Cells with a Double Whammy.

Endosteal Niche
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Predicting Site of Origin for
Cancers of Unknown Primary

1844 tumors tested one at a time versus all 18 tissues of origin
Retrospective study on well characterized patient samples

Uses PathChip (functionally similar to Affymetrix HU-133A
GeneChip)

— 604 specimens used for training
— 636 specimens used for test
— 604 specimens in reserve for final validation

Reproducibility from lab to lab
Performance based on sensitivity (> 70%) & accuracy (> 95%)

© Doug Brutlag 2015



Predicting Site of Origin for
Cancers of Unknown Primary

Microarray data file

Sz m e

PDF Report
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http://www-sdc.med.nagasaki-u.ac.jp/n50/disaster/Kidney-b-big.gif
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DEMONSTRATION PATHWORK OHCOLOGY SUITE: SITE OF ORIGIH
EXAMPLE REPORT GEHNE EXPRESSION-BASED MOLECULAR DIAGHOSTIC
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RESPONSE GENETICS

ABOUT Us

ABOUT US

FRODUCTS & SERVICES

- MEW! Mext Generation
Sequencing

- ResponseDX Biomarker Tests

= By Cancer Type

= By Methodology

- ResponseDX: Tissue of Origin
Test

& Clinical Validation

*= Testing Service

® Clinical Use

= Methodology

* Publications

* Case Study: History of
Miultiple Primary Cancers

® Case Study: Breast. Axilla.
& Lung Lesions in a
Young Woman

* Case Study: FMA of

PRODUCTS & SERVICES

Response Genetics

INVESTOR INFORMATION

Client services:(888)700-7110

Search for: | Enter term...

CAREERS

ResponseDX: Tissue of Origin Test

The ResponseDX: Tissue of Origin Test is a microamay-based gene expression test that aids in
identifying challenging tumors, including metastatic, poorly differentiated, and undifferentiated cancers.

« 2000 genes, covering 15 tumors types and 30% of all solid tumars®

= Only FDA-cleared test of its type, Medicare-approved

+ Performed on FFPE fissue at our CLIA certified, CAP accredited laboratory

« Extensive analytical and clinical validation

+ Statistically significant improvement in accuracy over other methods, including IHC?

CHANGE IN DIAGNOSIS

Confirms a working
diagnosis 34% of the time
Identifies a new site
50% of the time’

Warking Disgrosis Priar to
Tisswe of Origin Results

Warking Disgnasii After
Tisswe of Origin Results

N-107

Clinical Management After
Tisswe of Ouigin Results

CHANGE IN THERAPY

Leads to a change
in treatment
65% of the time’

Changes in Treatrment After
Tisswe of Origin Results

Contact customer service for more information: (888) 700-7110
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http://www.responsegenetics.com/products-services/tissue-of-origin-testing/

Response Genetics

In challenging cancers that require a second round of IHC,
the ResponseDX: Tissue of OriginTest increases diagnostic
accuracy and confidence in site-specific treatment decisions.’

1. AMULTICENTER STUDY DIRECTLY COMPARING THE DIAGNOSTIC ACCURACY OF
GENE EXPRESSION PROFILING AND IMMUNOHISTOCHEMISTRY FOR PRIMARY SITE
IDENTIFICATION IN METASTATIC TUMORS

CR Handorf, A Kulkarni, JP Grenert, L Weiss, W Rogers, O Kim, F Monzon, M Halks-Miller,
G Anderson, M Walker, R Pillai, WD Henner. Am J Surg Pathol; 2013;37:1067-1075

Subgroup Analysis Gene Expression Profiling

it 85% 87% 0.52
Poorly-differentiated

(N=51) 79% 94% 0.016
Poorly-differentiated

carcinomas 71% 91% 0.023
(N=33)

Overall

(N=157) 83% 89% 0.013
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http://www.responsegenetics.com/products-services/tissue-of-origin-testing/

Tumor Sequence Heterogeneity

Hanlee Ji: Suppressor and Oncogene variations in ear
2013

Jay Shendure: Sequence variations in various sections
2014

Stanford Cancer Center Tumor Heterogeneity
Symposium 2014
— Videos

Hanlee Ji The Genetics of Personalized Cancer Medici:
2012
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http://genomebiology.com/2014/15/12/530/abstract
http://cancer.stanford.edu/training/tumorheterogeneity.html
http://cancer.stanford.edu/training/tumorheterogeneity.html
https://www.youtube.com/channel/UCKWk6RBohtEPasMpJD5RKxA/feed
http://med.stanford.edu/irt/edtech/video/rea/?v=fall2012auth/video/grmed-12-05-2012-08r.mp4

Genes Associated with Colorectal Cancer
http:/ / www.biomedcentral.com / content/ pdf/1755-8794-6-54.pdf
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Genes Associated with Colorectal Cancer
http:/ / www.biomedcentral.com / content/ pdf/1755-8794-6-54.pdf

(Fenomic assay Direct association Inverse association
Copy number : Increase with advanced stage Decrease with advanced stage
Mutation | More frequent in advanced stage _ Less frequent in advanced stage

Gene E!prﬁ.ﬁiiﬂng Higher expression in advanced stage Lower expression in advanced stage
Methylation : Hyper-methylation in advanced stage : Hypo-methylation in advanced stage
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Examples i e = s
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Genes Associated with Colorectal Cancer
http:/ / www.biomedcentral.com / content/ pdf/1755-8794-6-54.pdf
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-y

Copy Mumber
Rank Gene Chr _ Sign
1 FUBPI* 1p31.1 1|
2 CLXi Tg22.1 1
3 WRN* 8pl2 1
4 MALTI* 182132 |
5 ERCCS* 13g7%3.1 ¢
6 HOXAI3* Tpl52
7 HOXAII* Tpl52 ¢
8 HOXA9* Tpl52 ¢
) fPOS 130322 1

\9 out of 9 genes

;

Rank

Mutations
Gene

~

Sign

1 GNAS*

2 ESRRA

3 RUNXITI™®
4 KAT6B*
5 GPHN*

6 STIL*

7 PALR2*

= — = — = —p =§

7 out of 7 genes

N
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Gene

Methylation
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Sign

WRN*
FOXP4
HSD3B7
SYK*
PRELP
MUCIH*
NTRKI*
RNF1134
GPRIZS

10 MGMT

wm-—-amm-n-mm-—~|

— mmp o e e = =
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Q'D out of 33 genes
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mRBRNA
Rank Gene Sign
PDE4 1
REEP5 1
TH 1
|

1

2

3

4 DDX5*

5 CYP26R!

6 SLC22A11 |
T WRN* 1
8 ORSIE2 1

9 TNFRAIP3* |
10 DDIT3* |

\ 10 out of 65 genes /
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Genes Associated with Colorectal Cancer
http:/ / www.biomedcentral.com/content/pdf/1755-8794-6-54.pdf

5,188 genomic features from 1,122 penes
A I I | Clinical stage
[ I I Y Y I (N (N R -
|
197
] samples Stage 111
26%
[
’ B Rank Giene Assay Chr __ Sign_
1 FOXP4 Methvl 6p2l.1 il L
2 REEPS mRNA  5q22.2 1 Genomic assay
3 PDK4 mRNA  Tg213 T
. 4 CRSTE2 mBNA  1Iplsd T Mutation _
5 WRN CH Apl2 L
i SYK Methyl 9g222 |
T Sloar mRENA  4ple.l L mEMNA
% HIPI  mRNA Tql123 1 S
9 SDHC mBENA 19233 ¥
10 DDITI  mRNA 129133 ¢ Copy Number [
11 ADRAXNC mRNA  4pl63 T
12 DOXs mBENA  17g23.3 I Methylation
13 SYE  mRNA 9222 | [
14 FCRLY mRNA Ig231 |
15 SLC224ff mRNA  1igldl | 0 20 4 64 84

Top 15 out of 158 selected features Frequency
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Genes Associated with Colorectal Cancer

Table 3 Top 25 candidates associated with advanced clinical stage

Gene Elastic-net Feature Rank
Gene Chr Score Copy Number Gene Expression Methylation Mutation
WRN" 8p12 27.03 1 | 106 ] 29 1
S¥KR* 9q222 24.09 13 ] 6|
Doxs" 17233 18.94 70 ) 12 ]
ADRAZC 4p16.3 1813 i 811]
GMNAS* 20g1332 169 9] 68 t
SEMAZE 3213 16.66 82 28 ]
H501782 16q233 14.45 17 1 120 1
T 29312 1372 80 ] 66 |
FHIT" Ipld2 1356 11 Al
HIST1H4™ Gp22.1 1282 5T 122 ]
FOEP4 GpZia 12.74 1)
REEFS 59222 12.66 2.1
PDK4 fg213 1258 3t
ORS1E2 11p154 1249 41
5100P 4p16.1 1225 N |
HiP1* 71123 1217 a1
ZNF570 1991312 12.09 501 116 |
SOHC 19233 1209 91
oo 129133 12 101
CRICT* 19p13.11 11.92 130 1 38|
FCRL4* 1g23.1 11.84 14 ] 155 ]
SLC22A110 11g13. 16 15 ]
FLTH 13g12.2 11.51 16 1
CYP25E1 2p132 11.35 18 ]

ANFTT3A Xg24 11.27 19 1
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